Introduction
In China, lung cancer is the most predominant malignancy and the leading cause of cancer death. 1 Furthermore, its incidence and mortality are rapidly increasing; the estimated number of deaths due to lung cancer in China rose from 493,348 in 2008 submit your manuscript | www.dovepress.com
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Wu et al to 529,153 in 2011. 2 Unfortunately, the majority of patients with lung cancer in China are diagnosed at an advanced stage, thus precluding the possibility of surgery with curative intent. 2, 3 The mainstay of treatment for advanced-stage disease is chemotherapy; however, the effectiveness of systemic platinum-doublet chemotherapy has plateaued over recent years and remains suboptimal. Typically, median survival is only 12-13 months. 4 Therefore, there remains a high unmet need for further treatment options in this setting, particularly in China.
Globally, the epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs), erlotinib and gefitinib, and the irreversible ErbB family blocker, afatinib, are widely used as a first-line treatment for patients with EGFR mutationpositive non-small-cell lung cancer (NSCLC). 5 In China, an additional first-generation EGFR TKI, icotinib, is also available. 6 In Phase III trials, all of these agents significantly improved progression-free survival (PFS) versus platinumdoublet chemotherapy in this treatment setting, and conferred predictable and manageable tolerability profiles consistent with inhibition of EGFR signaling. [7] [8] [9] [10] [11] [12] [13] [14] [15] Recent data, however, suggest that afatinib may offer more favorable clinical outcomes than the first-generation reversible EGFR TKIs, possibly reflecting its broader inhibitory profile. [16] [17] [18] In two Phase III trials -LUX-Lung 3 (global) and LUX-Lung 6 (China, South Korea, and Thailand) -prespecified analyses have demonstrated individually that afatinib conferred superior overall survival (OS) versus standard platinum-doublet chemotherapy in treatment-naïve patients whose tumors harbor a Del19 mutation, the most common type of mutation observed in EGFR. 16 To our knowledge, neither gefitinib and icotinib nor erlotinib have ever demonstrated an OS advantage over chemotherapy for any patient group. Furthermore, in a recent Phase IIb study (LUX-Lung 7), first-line afatinib significantly improved PFS, time-to-treatment failure (TTF), and objective response rate (ORR) compared with gefitinib in patients with EGFR mutation-positive NSCLC. 17, 18 Afatinib also demonstrated a trend for longer OS. 17, 18 Afatinib is associated with a similar safety profile to firstgeneration EGFR TKIs, although certain treatment-related grade $3 adverse events (AEs) occur more frequently with different agents. In LUX-Lung 7, for instance, diarrhea (13% versus 1%), rash/acne (9% versus 3%), and fatigue (6% versus 0%) were all higher with afatinib than with gefitinib. In contrast, other grade $3 AEs, notably elevated liver enzymes (0% versus 9%) and interstitial lung disease (0% versus 2%), were less common with afatinib than gefitinib. 17 One patient in the gefitinib arm died from drug-related hepatic and renal failure, while no drug-related fatal events occurred in the afatinib arm. Afatinib is available in multiple dose-strength formulations, thus facilitating tolerability-guided dose adjustments. This approach renders the majority of treatment-related AEs (TRAEs) manageable, reducing the need for treatment discontinuation. In LUX-Lung 7, for example, treatment discontinuations were equally low with afatinib as they were with gefitinib (6% each). 17 Importantly, recent data indicated that the efficacy of afatinib treatment is not compromised in those patients who require dose reduction. 19 Based on these efficacy and safety observations, there is rationale for considering afatinib as a first-line treatment option in patients with EGFR mutation-positive NSCLC.
In China, choice of EGFR TKI is particularly important, given the elevated frequency of EGFR mutations in this population compared with others. Notably, the frequency of EGFR mutations is 5%-10% in Caucasians, [20] [21] [22] but is accepted to be ~50% in Asian and Chinese patients with adenocarcinoma. 21 Among Chinese patients, Del19 was the most common mutation (~50%) followed by L858R. 23 The LUX-Lung 6 study compared afatinib with gemcitabine/cisplatin for first-line treatment of patients from Southeast Asia with EGFR mutation-positive advanced NSCLC. In practice, however, most of the patients in LUX-Lung 6 came from China, providing an opportunity to examine outcomes with afatinib specifically in this population. This post hoc analysis was performed to assess the efficacy and safety of afatinib relative to gemcitabine/cisplatin in the subgroup of Chinese patients participating in LUX-Lung 6.
Materials and methods
Patients and study design
The study design and eligibility criteria of LUX-Lung 6 (NCT01121393) have been published previously. 12 In brief, LUX-Lung 6 was a randomized, open-label, Phase III study conducted in China, Thailand, and South Korea (Supplementary slides). Of the 36 centers participating in the study, 30 were in China. Eligible patients had pathologically confirmed previously untreated stage IIIB (with pleural effusion) or IV lung adenocarcinoma, an Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 0 or 1, measurable disease according to Response Evaluation Criteria in Solid Tumors, version 1.1, and adequate organ function. In addition, tumor tissue had to be EGFR mutation-positive as assessed at a central laboratory using the Therascreen EGFR 29 kit (Qiagen, Manchester, UK). Eligible patients 
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afatinib versus gemcitabine/cisplatin for advanced nsclc in chinese patients were randomly assigned to receive afatinib or gemcitabine/ cisplatin in a 2:1 ratio, stratified by EGFR mutation (L858R, Del19, or other).
The study was conducted in accordance with the Declaration of Helsinki and guidelines on Good Clinical Practice, and the protocol was approved by local ethics committees at each participating center (Table S1 ). All patients provided written informed consent for trial participation.
Treatments
Patients received either oral afatinib (40 mg/day) or up to 6 cycles of cisplatin 75 mg/m 2 on day 1 plus gemcitabine 1,000 mg/m 2 on days 1 and 8 of a 21-day cycle. Patients continued treatment until disease progression, intolerable toxic effects, or withdrawal of consent. Patients receiving afatinib were permitted to dose escalate to 50 mg/day after the first 21-day cycle in the absence of grade .1 TRAEs. Afatinib was withheld for up to 14 days and then dose reduced by 10 mg decrements (minimum 20 mg/day) for treatment-related grade 3 or selected prolonged grade 2 AEs. Dose reductions or interruptions for patients receiving gemcitabine/cisplatin were in accordance with guidance provided in the current summaries of product characteristics. Patients who remained on afatinib treatment for $36 months were defined as longterm responders (LTRs).
Outcomes and assessments
The primary end point was PFS according to independent central review. Key secondary end points were ORR (complete response [CR] or partial response [PR]), disease control rate (DCR; CR, PR, or stable disease), OS, duration of response and disease control, patient-reported outcomes (PROs), and safety.
Tumor assessments were performed by computed tomography or magnetic resonance imaging every 6 weeks for the first 48 weeks and then every 12 weeks thereafter until disease progression or start of new anticancer therapy. Brain imaging and bone scans were performed if clinically indicated. Scans were reviewed by an independent central imaging review group consisting of radiologists and oncologists.
PROs were assessed at randomization and every 3 weeks thereafter until disease progression or start of new anticancer therapy using the self-administered cancer-specific European Organisation for Research and Treatment of Cancer quality of life core questionnaire QLQ-C30, 24 and the lung cancerspecific module QLQ-LC13. 25 Safety was monitored weekly, with incidence and intensity of AEs graded according to National Cancer Institute Common Terminology Criteria for Adverse Events version 3.0.
Pharmacokinetics
For patients randomized to the afatinib arm, blood sampling was performed to estimate the afatinib trough (predose) plasma concentrations at steady state. Plasma afatinib concentrations (free base) were analyzed using a validated high-performance liquid chromatography tandem mass spectrometry method at Boehringer Ingelheim Pharma GmbH & Co. KG, Drug Metabolism and Pharmacokinetics Germany, Biberach, Germany.
statistical analyses
Kaplan-Meier estimates were used to construct survival curves and calculate median PFS and OS. A Cox proportionalhazard model was used to derive hazard ratios (HRs) and 95% confidence intervals (CIs); treatment groups were compared using a log-rank test. Prespecified subgroup analyses were conducted by sex, age (,65 years versus $65 years), EGFR mutation type (Del19 versus L858R versus other), ECOG PS (0 versus 1), and smoking history.
PROs focused on the NSCLC-related symptoms of cough (question 1 of QLQ-LC13), dyspnea (questions 3-5 of QLQ-LC13 and question 8 of QLQ-C30), and pain (questions 9 and 19 of QLQ-C30, and questions 10-12 of QLQ-LC13). The following analyses were undertaken: percentage of patients whose symptoms improved ($10-point decrease from baseline score), remained stable, or deteriorated ($10-point increase from baseline score); time to deterioration of symptoms; and mean difference in symptom scores over time (longitudinal analysis). Statistical analyses were performed using SAS (version 9.2 or later).
Results
Patients and baseline characteristics
Of the 364 patients randomized in LUX-Lung 6,327 (89.8%) were from mainland China. A total of 217 patients were randomized to afatinib; 110 patients were randomized to gemcitabine/cisplatin. Three patients in the afatinib group and seven in the gemcitabine/cisplatin group did not receive any treatment; thus, the treated sets comprised 214 and 103 patients, respectively.
There were no notable differences in baseline characteristics between the Chinese subgroup and the overall LUX-Lung 6 population (Table 1) . Consistent with the overall LUX-Lung 6 population, there was a slightly higher submit your manuscript | www.dovepress.com
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Wu et al proportion of males (37.3% versus 30.9%), slightly more patients with ECOG PS 1 (79.7% versus 63.6%), slightly more current or ex-smokers (23.0% versus 13.6%), and more patients with two metastatic sites (38.7% versus 27.3%) in the afatinib group compared to the gemcitabine/cisplatin group (Supplementary slides).
Treatment exposure
Median treatment duration with afatinib was 389.5 days (range 3-1, 256 days); 37 patients had their afatinib dose escalated to 50 mg/day. At the end of treatment, 141 patients (65.9%) had had no dose reductions, 59 (27.6%) had one dose reduction, and 14 (6.5%) had two dose reductions. The median time to first dose reduction with afatinib was 72 days and the median dose interruption before dose reduction was 6 days. Median duration of treatment on gemcitabine/ cisplatin was 86 days (range 1-154 days). A total of 36 patients (38.7%) received all of their gemcitabine/cisplatin courses without interruption; 26 (28.0%) had a worst delay of 4-6 days and 31 (33.3%) had a worst delay of .6 days. Figure 3C ). Among the 20 patients with long-term response on afatinib (LTRs), five patients had survival times of more than 5 years (Supplementary slides). Most patients who achieved an objective response with afatinib did so within the first 6 weeks (103/145, 71%), that is, by the first visit, and almost all of those who achieved an objective response did so by 18 weeks (137/145, 94.5%). The median duration of objective response was 9.7 months with afatinib and 4.2 months with gemcitabine/cisplatin. The median duration of disease control was 11.1 months with afatinib and 5.6 months with gemcitabine/cisplatin.
Tumor response
Significantly more patients achieved an objective response with afatinib compared with gemcitabine/ cisplatin in all of the mutation subgroups examined ( 
safety
The most common TRAEs are shown in Table 3 . Almost all patients experienced at least one TRAE (98.6%-99.0%). Most TRAEs were of grade 1 or 2 severity. Similar proportions of patients experienced grade 3 TRAEs in each treatment arm (35.5% and 35.9% with afatinib and chemotherapy, respectively), but substantially more patients in the gemcitabine/ cisplatin group experienced grade 4 TRAEs (21.4%) than in the afatinib group (0.9%). The most common treatment-related grade 3/4 AEs in the afatinib group were diarrhea (5.6%/0%), rash/acne (16.4%/0%), and stomatitis (6.1%/0%), whereas vomiting (18.4%/0.9%), nausea (8.7%/0%), neutropenia (28.2%/0.5%), and leukopenia (16.5%/0.5%) were the most common treatment-related grade 3/4 AEs in the gemcitabine/ cisplatin group (Table 3) .
TRAEs leading to permanent discontinuation of the study drug were reported in 12 patients (5.6%) in the afatinib arm and 43 patients (41.7%) in the gemcitabine/ cisplatin arm. No patients in the afatinib group discontinued treatment because of diarrhea; the most common reason for discontinuation was rash (5/12 patients). The most common reasons for discontinuing gemcitabine/cisplatin were vomiting (15/43; 35%), nausea (11/43; 26%), and neutropenia (10/43; 23%).
Serious TRAEs were reported in 6.1% of patients in the afatinib group and 4.9% of patients in the gemcitabine/ cisplatin group. Two grade 5 (fatal) AEs were considered possibly related to treatment, one in each treatment group. These were sudden death in the afatinib group and cardiac failure in the gemcitabine/cisplatin group.
PROs
Analysis of PROs focused on three key symptoms that are most important to patients with NSCLC: cough, dyspnea, and pain. Significantly greater proportions of patients in the afatinib group had improvements in cough (76.8% versus 55.4%; P=0.0003), dyspnea (71.3% versus 47.8%; P=0.0001), and pain (63.9% versus 43.5%; P=0.0012) than in the gemcitabine/cisplatin group (Figure 4 ). There were significant improvements in all items related to cough, dyspnea, and pain except "dyspnea rested" and "pain in arm/shoulder". for all dose groups and over all pharmacokinetic (PK) visits (Table 4) . Mean trough plasma concentrations at the last PK observation on day 43, however, were at a similar level for all dose groups, by which time most patients would have received any required dose adjustments ( Table 4 ). The geometric mean trough plasma concentration was 20.6 ng/mL (gCV 47.1%) for patients whose dose had been reduced to afatinib 30 mg, 21.5 ng/mL (gCV 63.5%) for patients who remained on afatinib 40 mg, and 23.5 ng/mL (gCV 61.5%) for patients whose dose had been escalated to afatinib 50 mg.
Discussion
To our knowledge, this subgroup analysis of LUX-Lung 6 is the largest analysis of treatment with an EGFR-targeted agent, following upfront mutation testing, in Chinese patients. Our analysis demonstrated that afatinib significantly improved PFS, ORR, and (in patients with an EGFR Del19 mutation) OS versus gemcitabine/cisplatin in patients from mainland China. Furthermore, efficacy benefits were largely consistent across patient subgroups, including mutation type (Del19 or L858R). Importantly, the efficacy benefits with afatinib were complemented by improvements in PROs for symptoms that are most important to patients with NSCLC: cough, dyspnea, and pain. There were 20 LTRs, of whom eight remain on treatment at the time of analysis. Overall, the tolerability profile of afatinib was consistent with previous experience and was considerably less severe than that experienced with platinum-based chemotherapy; TRAEs were largely manageable on treatment and discontinuation due to AEs was rare. Together, these data demonstrate that afatinib should be considered as a first-line treatment option in Chinese patients with EGFR mutation-positive NSCLC.
Given the availability of several EGFR TKIs in China, it is a pertinent question to ask the following: which agent is the most suitable first-line treatment of choice in which patient? At present, few head-to-head clinical trial data comparing EGFR TKIs in Chinese patients are available to help guide treatment decisions. The recent CTONG0901 Phase III trial 17, 18, 27 Although cross-trial comparisons are difficult, and clearly do not substitute for prospective head-to-head data, it is of interest to view this large LUX-Lung 6 subanalysis (n=327) dataset in the context of available Chinese data with erlotinib, gefitinib, and icotinib. Two trials provide data on erlotinib in Chinese patients: the Phase III OPTIMAL trial examined the efficacy and safety of erlotinib (n=82) versus gemcitabine/ carboplatin (n=72) in Chinese patients with EGFR mutationpositive NSCLC (common mutations only), 14, 28 while a subsequent Asian Phase III trial, ENSURE -which largely included Chinese patients (~80%) -compared erlotinib (n=110) versus gemcitabine/cisplatin (n=107) in the same treatment setting. 13 The recent Phase III CONVINCE trial compared icotinib (n=148) versus cisplatin/pemetrexed (n=137) in Chinese patients with EGFR mutation-positive NSCLC (common mutations only). 15 In contrast to erlotinib and icotinib, few data are available that have assessed gefitinib specifically in Chinese patients with EGFR mutation-positive NSCLC. The Phase III trials, NEJ-002 and WJTOG3405, were undertaken specifically in Japanese patients. 7, 8 Although IPASS included 372 patients from China, analysis in EGFR mutation-positive patients was difficult to interpret as a low proportion of patients recruited in China provided a tumor sample to determine EGFR mutation status (38%). 29 In OPTIMAL, erlotinib conferred PFS advantage versus chemotherapy in Chinese patients (HR, 0.16 [95% CI, 0.10, 0.26]; P,0.0001), although it should be noted that efficacy was analyzed in patients who "had received at least one dose of study drug" rather than in the intent-to-treat population. Additionally, no clinical study report was available for this trial when reviewed by the European Medicines Agency. PFS advantage with erlotinib was also observed in a subgroup analysis of Chinese patients in the ENSURE study, but with a higher HR than that is observed in OPTIMAL (HR, 0.30 [95% CI, 0.18, 0.49]). 13, 14 In the Chinese subanalysis of IPASS, there was no significant difference in PFS with gefitinib and chemotherapy in EGFR mutation unselected patients (median 6. 15 Like afatinib, gefitinib, icotinib, and erlotinib were associated with better tolerability profiles compared to chemotherapy in Chinese patients with NSCLC. [13] [14] [15] 29 TRAEs were reported in 87.0%-87.3% with erlotinib, 83.2% with gefitinib, and 54.1% with icotinib. Treatment-related serious AEs were reported in 2.4%-2.7% with erlotinib and 2.2% with gefitinib. The most common grade 3/4 AEs with erlotinib were rash (2.4%-6.4%) and elevated alanine transaminase (ALT; 3.6% in OPTIMAL; none reported in ENSURE); the most common grade 3/4 AEs with gefitinib were rash/ acne (3.8%) and elevated ALT (3.8%). The most common grade 3/4 AEs with icotinib were rash (14.9%) and diarrhea (7.4%). Treatment discontinuations due to AEs were required in 1.2%-2.7% of patients treated with erlotinib and 2.0% of patients treated with icotinib; no dose discontinuations because of AEs were required with gefitinib in the Chinese subanalysis of IPASS.
One important distinguishing feature of the LUX-Lung 6 Chinese data compared with available Chinese data for gefitinib, icotinib, and erlotinib is that afatinib uniquely conferred OS advantage versus chemotherapy in patients with an EGFR Del19 mutation. This finding is consistent with the overall LUX-Lung 6 dataset of Del19 patients (median 31. 13, 28 Likewise, no OS advantage was observed with icotinib versus chemotherapy in Del19 patients in CONVINCE. 15 The observation of OS benefit with afatinib in patients with Del19 mutations is unlikely to be attributable to imbalances in post-progression therapy because crossover rates in LUX-Lung 6 were similar in patients with Del19 and L858R mutations. 16 It is possible that the achievement of significant OS benefit with afatinib but not erlotinib nor icotinib reflects the differences in mechanism of action between afatinib and first-generation TKIs. Notably, afatinib potently and irreversibly inhibits all members of the ErbB family, whereas first-generation TKIs reversibly inhibit EGFR only. 30, 31 In this subanalysis of LUX-Lung 6, TRAEs were reported by most patients, and treatment with afatinib was associated with the expected gastrointestinal and dermatologic AEs. These were managed with supportive care and protocol-defined dose reductions; post hoc analyses demonstrated that dose reduction effectively mitigated TRAEs without impacting efficacy. Consequently, few patients had to discontinue afatinib treatment because of AEs (5.6%), and none because of diarrhea. This suggests that the established protocols for managing AEs associated with afatinib are robust and effective in Chinese patients. Furthermore, although AEs were common with afatinib, substantial improvements in health-related quality of life were reported, including improvements in all domains of lung-cancer symptoms, suggesting that the beneficial effects of afatinib outweigh its AEs.
Consistent with previous studies, the variability in afatinib plasma concentrations was high for all dose groups. Analysis of the LUX-Lung 3 and overall LUX-Lung 6 data has demonstrated that, in general, patients with high trough plasma concentrations were more likely to require a dose reduction to afatinib 30 mg within the PK observation period of 43 days. 19 The PK data suggest that the individual tolerability-driven dose modification is effective at reducing excessive afatinib levels. Importantly, observations from the overall LUX-Lung 3 and LUX-Lung 6 datasets showed that such tolerability-guided dose adjustment does not affect therapeutic efficacy. In both cases, median PFS was similar in patients who reduced their dose during the first 6 months versus those who did not (LUX-Lung 3: 11. Limitations of this analysis include that it is a subgroup analysis of a larger study; however, it is notable that the population of over 300 Chinese patients represented ~90% of the population of the parent study. 12 The open-label nature of the study is also a limitation, although, in this analysis, assessment of the patients' scans was conducted by an independent central panel of radiologists and oncologists, and sensitivity analyses did not suggest any bias. Finally, it should be noted that chemotherapy would not now be regarded as the stateof-the-art comparator arm in randomized trials in patients with EGFR mutation-positive NSCLC; since the initiation of LUX-Lung 6 in 2010, TKIs have become the first-line treatment of choice in this setting. However, gemcitabine/ cisplatin was commonly used in Asia at the time that the study was designed, and the regulatory authorities approved this choice as a comparator.
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Conclusion
This analysis of Chinese patients with EGFR mutationpositive NSCLC has demonstrated that afatinib is more effective and has more durable effects than standard first-line chemotherapy. Furthermore, to our knowledge, afatinib is the only TKI to demonstrate improved OS versus standard chemotherapy in patients harboring an EGFR Del19 mutation. Together, the findings suggest that afatinib should be considered a first-line treatment option for this patient population.
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